INTRODUCTION
pharmacological inhibition or genetic ablation of the sGC aggravates the RB-induced lung injury; 4) pharmacological rescue of the guanylyl cyclase signalling dysfunction, using a sGC activator (BAY 58-2667), attenuates the RB-induced lung injury; 5) stabilization of sGG by administration of BAY 58-2667 after the establishment of lung injury, reverses RB-induced lung injury.
Strenuous inspiratory RB in healthy humans induces plasma IL-1β, IL-6 and TNF-α, initiating a systemic inflammatory response (10, 11). Inspiratory RB in rats increases alveolar-capillary membrane permeability, induces lung inflammation and perturbs respiratory system mechanics, culminating in acute lung injury (1) . In both the animal and the human models there was no expiratory resistance, contrary to what is observed in asthma attacks, COPD exacerbations or cases of upper airway obstruction. It has been suggested that the presence of expiratory resistance with its accompanying intrinsic PEEP would prevent pulmonary edema development (2) .
We thus developed a mouse model of resistive breathing which exhibits increased both inspiratory and expiratory airway resistance, via tracheal banding. We studied mice for two reasons: to determine whether our previous findings were species-specific and to establish a clinically relevant model of RB in mice, which allows for the study of genetically engineered animals.
Acute RB for 24 hours increased BALF cellularity mainly due to an increase in macrophages, consistent with acute inflammation. In addition, lung histology revealed patchy areas of inflammatory cell recruitment, alveolar hemorrhage, intra-alveolar and interstitial edema. The pro-inflammatory cytokines TNF-α, IL-6 or IL-1β were also elevated in the BALF. These might originate from infiltrating leukocytes and/or might be produced from cells resident in the lung via "mechanotransduction" or in response to other locally produced stimuli. Acute RB in mice was followed by increased tissue elasticity and resistance and downward shift of the pressure-volume curve. Accordingly, static compliance was decreased. These alterations are well described in acute lung injury and elasticity increases have been previously correlated with lung injury (1, 14, 15) . Thus, the presence of expiratory resistance did not prevent lung injury, probably because the structurally injurious processes in the lung during inspiration can not be repaired or counteracted during expiration.
The current findings in mice, combined with our recent ones in rats, suggest that the RB-induced lung injury is not species-specific. One might wonder whether the degree of airway narrowing in our model was excessive or was within the pathophysiologically relevant range. The negligible mortality of both wild type and transgenic mice after tracheal banding clearly allows this technique developed in our laboratory, to be used for acute experiments in both normal and genetically engineered mice, provided that, similar to our knock-out murine line (sGCa1 -/-), they do not already exhibit increased baseline inflammation and respiratory dysfunction. We still need to investigate whether this approach can be used with murine lines that have compromised respiratory function.
RB resulted in the attenuation of the sGC/cGMP signal cascade. After 24hrs of tracheal banding, mRNA levels of the sGCβ1 subunit were drastically reduced. As sGC is an obligate heterodimer, decreased levels of β1 subunit indicate a decline in the amount of the active enzyme (16) . Western blot analyses revealed that both α1 and β1 subunits To investigate the functional role of the sGC downstream signalling, a cGMP analogue (8pCPTcGMP) was administered prior to RB. PKG activation by 8pCPTcGMP attenuated the RB-induced increase in BALF cellularity and protein content (see online supplement, Figure E3 ). The elevated cytokine response to RB was almost abolished after inhalation of 8pCPTcGMP (see online supplement, Figure E4 ). Lung mechanics perturbation was also entirely prevented (see online supplement, Figure E3 ). Since restoring sGC downstream signalling by 8pCPTcGMP administration attenuated the lung injury caused by RB, we propose that downregulation of sGC is causally related to the observed lung injury rather than the result of it.
To investigate whether restoration of sGC/cGMP signalling could be effective in a clinically meaningful manner, we administered BAY 58-2667 after 24 hours of tracheal banding, when injury is well-established and examined the animals 6 hours later NaCl, 50mM NaF, 1mM Na3VO4, 0.5% sodium deoxycholate, 1mM EDTA, 0,1mM
EGTA and protease inhibitors (10 µg/ml aprotinin, 10 µg/ml pepstatin, and 20 mM PMSF). Samples were subjected to SDS-PAGE followed by blotting with antibodies against the α1 (1:5,000) or β1 (1:2,000) and visualized using a chemiluminescent substrate. Values obtained for the α1 and β1 sGC subunit were normalized for actin and presented as % of control (6-8).
ODQ treatment: C57BL/6 mice were treated with inhaled ODQ (1H- 
